. Indeed, there is a need to understand how this honeybee disease contributes 55 to colony losses.
78 immunochemical methods such as enzyme-linked immunosorbent assay (ELISA) or lateral flow 79 immunoassay (LFIA) (Pinnock & Featherstone, 1984; Tomkies et al., 2009 ) and molecular 80 genetics techniques such as polymerase chain reaction (PCR) (Govan et al. 1998 
83
Based on the analysis of colonies exhibiting clinical signs using real-time PCR, bees 84 collected from brood frames contain approximately 20-fold more M. plutonius than bees from 85 frames containing worker bees (Roetschi et al., 2008) . However, this result, obtained using 100 86 bees per sample, has not been repeated (Forsgren et al., 2013) . Using hemi-nested PCR, Belloy et 87 
al. (2007) demonstrated honeybee carriers of M. plutonius in more than 90% of colonies without
88 EFB symptoms located in apiaries with EFB symptoms. In apiaries without EFB symptoms but 89 located in proximity to apiaries with EFB symptoms, bees carrying M. plutonius were detected in 90 approximately 30% of colonies (Belloy et al., 2007) . The number of M. plutonius cells in adult 91 bees varies, but bees from asymptomatic colonies in diseased apiaries are at higher risk for disease 92 development (Budge et al., 2010) . A metagenomics approach to analyze honeybee RNA is capable 93 of identifying M. plutonius (Tozkar et al., 2015) . However, this approach has not been tested with 94 honeybee worker samples from EFB outbreaks.
95
In this study, we investigated EFB in the context of the disease outbreak in Krkonose 96 Mountains National Park in Czechia by performing Illumina next-generation sequencing (NGS). 97 We followed the experimental design of (Belloy et al., 2007; Roetschi et al., 2008) , analyzing 98 honeybees obtained from both symptomatic and asymptomatic colonies in EFB diseased apiaries. 99 For comparison, the study also employed NGS to analyze worker honeybees from control colonies 100 located far from the outbreak occurrence. The worker bacteriome was described based on the V1-101 V3 portion of the 16S rRNA gene analyzed using the Illumina MiSeq platform. In addition to 102 determining the relative numbers of M. plutonius sequences correlating with different sample 103 types, we showed the effects of the presence of M. plutonius on honeybee gut symbiotic bacterial 104 community composition.
107 MATERIAL & METHODS
108 Apiaries and sampling 109 Samples of the managed European honeybee Apis mellifera carnica were collected from two EFB 110 diseased apiaries (Table S1) 117 the Czech Republic declared these two apiaries to be the epicenter of the outbreak zone, and plans 118 to move any colonies in protective zone (radius 5 km from each disease outbreak) were abandoned. 119 The samples in our study were similar to those analyzed in a study from Switzerland (Belloy et al., 120 2007). Worker honeybees from the nest were more suitable for EFB detection than bees obtained 121 from the beehive entrance (Roetschi et al., 2008) . The honeybees were shaken off the brood comb 122 into plastic bags and placed in a box with dry ice for transport, followed by storage at -80 °C in a 123 deep freezer (Thermo, Waltham, MA, USA).
124
For our analyses, we coded (EFB factor) the samples in the following manner: (i) EFB0 -125 control outside EFB zone with no EFB signs; (ii) EFB1 -bees from an EFB apiary without clinical 126 symptoms; and (iii) EFB2 -bees from colonies with clinical symptoms of EFB.
166 binning sequences into clusters of 97% similarity and discarding singletons and putative chimeric 185 and the Dunn post-hoc procedure using XLSTAT software (http://www.xlstat.com/en/, Addinsoft, 186 New York, NY, USA). β-diversity was assessed by transforming OTU data into a Bray-Curtis 187 dissimilarity matrix. OTU variance in the honeybee bacteriome was analyzed by determining the 188 homogeneity of molecular variance (HOMOVA) followed by the analysis of molecular variance 189 (AMOVA); both were calculated using MOTHUR and employing the subsample data and 100,000 190 permutations. Moreover, a distance-based redundancy analysis (db-RDA) was performed using 191 the "vegan" R package (Oksanen et al., 2016) . In particular, a partial version of the db-RDA was 226 clinical symptoms and control colonies (EFB0) (Fs = 7.211, P < 0.001), and colonies without 227 clinical symptoms (EFB1) and control colonies (EFB0) (Fs = 4.256, P < 0.001). Sample position 228 and the Pearson correlation for selected OTUs to the axes were visualized using non-metric 229 multidimensional scaling functions (Fig. 1) .
230
During RDA analyses, one of the VIFs slightly crossed the limit of 10, which is considered an 231 indication of multicollinearity. Specifically, the VIF connected to the third level of the EFB factor 232 (EFB2) reached a value of 10.6. However, this value was not too high, and therefore, all 233 explanatory variables were included in the RDA models (i.e., EFB0-2 plus PCR detection). Julian 234 days, which represent the sample collection times, and geographic coordinates in terms of latitude 235 and longitude conditioned the influence of the EFB factor and PCR detection for all models. These 236 conditioning proved to be good choices because longitude had a significant negative effect on 237 OTU abundance. Thus, lower abundance may be expected in locations further to the east. Based 238 on the forward selection procedure, Julian days also had a certain effect. Moreover, only the first 239 axis of the RDA was significant (P < 0.01) if all explanatory variables were added to the model 240 with all OTUs. The situation was not very different when M. plutonius (OTU4) (or its logarithm) 241 was studied as the only dependent variable. However, taking into account the partial RDA 242 counterparts, none of the models (either with all OTUs or with OTU4 only) were significant at the 243 level of 0.05. Furthermore, none of the terms added as explanatory variables (excluding those 244 acting as conditions) appeared to be significant, and newly obtained axes were not significant 245 either.
246
Population level analyses indicated differences in the relative numbers of OTUs according to 247 EFB factor, and random forest tree algorithms revealed OTUs that significantly contributed to 248 differences in the bacteriome (Error Rate = 0.12) ( Table 1) . For symbiotic bacteria, there were 249 significantly higher relative numbers of Snodgrassella alvi (OTU6), Lactobacillus mellis (OTU8), 250 Lactobacillus melliventris (OTU25), and Fructobacillus fructosus (OTU5) in samples with clinical 251 symptoms based on METASTATS analyses (Table 1 ). In contrast, Bartonella apis (OTU2), 252 Frischella perrara (OTU18), and Commensalibacter intestini (OTU15) numbers decreased in 253 samples from colonies with EFB clinical symptoms.
254
The heatmap (Fig. 2) shows the relative abundance of 24 OTUs selected based on total 256 the OTU distribution appeared to be random relative to the band on the left-hand side that captured 257 three levels of EFB factors. However, this trend might have occurred because a subsample was 258 used to construct the heatmap; with a greater number of samples, the pattern may differ, as 259 suggested by the population level analyses described above. Indeed, an association between greater 260 numbers of M. plutonius (OTU4) and clinical symptoms (EFB2) is apparent. However, in the 261 subsample, a random distribution, as suggested by the RDA analyses, appears more likely.
262 Population level analyses of M. plutonius 263 Based on random forest algorithms, M. plutonius (OTU4) had the highest mean accuracy 264 of all OTUs analyzed using the EFB factor ( Table 1 ). The relative numbers of sequences were 265 highest in the outbreak colonies with clinical signs (EFB2), followed by highly decreased numbers 266 in colonies from EFB apiaries without clinical symptoms (EFB1) and the lowest numbers or the 267 absence of sequences in control apiaries outside the outbreak zone (EFB0). METASTATS 268 analyses (Table 1) indicated the coded effects of the EFB factor were significant in terms of relative 269 numbers at the P = 0.05 level; specifically, EFB2 was different from EFB1 and EFB0, and EFB1 270 was different from EFB0. However, when sequence numbers were compared in the subsample 271 dataset, there were three apiaries from control colonies outside the EFB zone with numbers of 272 sequences ranging from 10 to 15 (Fig. 3) , although M. plutonius (OTU4) was absent in the other 273 control colonies (Table S1 ). 284 The bacteriomes of 4 larvae and 2 pupae samples were comparatively analyzed (Fig. S3) 
318
One important finding of this study was the detection of M. plutonius in 3 of 16 control 319 colonies located far from the EFB zone. Given these results, M. plutonius potentially 321 data obtained in our NGS experiments (unpublished data). This trend was previously observed 322 using ELISA, and it was confirmed by hemacytometer and plate counts (Pinnock & Featherstone, 323 1984) that confirmed the occurrence of M. plutonius in the larvae of certain healthy colonies.
324 Support for the ordinary occurrence of M. plutonius in colonies was provided by a study conducted 325 in Spain, in which the prevalence of M. plutonius in both broods and workers was determined by 326 PCR to be lower than 1% (Garrido-Bailon et al., 2013) . In summary, we believe the honeybee 327 bacteriome will allow us to study how M. plutonius occurs in honeybee colonies in an enzootic 328 state (Pinnock & Featherstone, 1984) .
329
Compared to asymptomatic colonies in EFB apiaries, the proportion of M. plutonius in the 330 bacteriome was considerably lower in control colonies. Therefore, asymptomatic colonies from 331 diseased sites are at a high risk of disease development. Although sanitation was performed as part 332 of a study in Switzerland, this measure was not sufficient to prevent EFB outbreaks the following 333 year in the same apiaries (Roetschi et al., 2008) . Thus, even after symptomatic colonies were 334 removed from a diseased site, there was still a danger of EFB outbreak. Therefore, elimination of 335 the entire site should be strongly considered. According to regulations in Czechia, apiaries 336 currently showing evidence of the EFB outbreak have been eliminated, which was the right choice 337 in our opinion.
338
Cultivation experiments have revealed the suppressive effects of certain cultivable bacteria 339 from the gut of A. cerana japonica worker bees on the growth of M. plutonius (Wu et al., 2014) . 340 None of the observed bacteria belonged to the core symbiotic bacteria found in honeybees. 343 kunkeei was observed to be dominant in honeybee larvae (Endo & Salminen 2013), but it also 344 forms biofilms in adult bees (Vasquez et al., 2012) . Suppression was suggested to occur through 345 the production of anti-M. plutonius peptides (Endo & Salminen, 2013) . Despite that mechanism, 346 we did not observe any effects of the presence of M. plutonius on the alpha diversity of the bacterial 347 community in honeybee workers, and although AMOVA showed a significant effect of EFB zones 348 on bacterial distribution, RDA did not confirm the significant effects of selected environmental 349 variables. The presence of M. plutonius in asymptomatic larvae and pupae in the outbreak zone 350 was confirmed, but very high variability, ranging from 0-50% of total sequences, was observed. Relative proportion of selected OTUs in the honeybee bacteriome. Coding for the sample types: EFB0 -control outside 570 the EFB zone without signs of EFB; (ii) EFB1 -bees from an EFB apiary but from colonies without clinical symptoms; and (iii) EFB2 571 -bees from colonies with clinical symptoms of EFB. Sequences were analyzed using METASTATS, and P values are presented. The 572 OTUs are described according to the closest match in GenBank. For a detailed description, see Table S2 .
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OTUs were correlated with axes (Pearson), and those demonstrating significant correlations were selected. Coding for the sample types: EFB0 -control outside the EFB zone without signs of EFB; (ii) EFB1 -bees from an EFB apiary but from colonies without clinical symptoms;
and (iii) EFB2 -bees from colonies with clinical symptoms of EFB. For the list of samples and
OTUs, see Table S2 . Heatmap describing the distribution of samples and OTUs in the Apis mellifera bacteriome.
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